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A chronic metabolic condition 
punctuated by symptomatic, 
preventable stone events. 


Scales et al CJASN March 2016 
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These acute events herald 
substantial future chronic 
morbidity, including decreased 
BMD, CVD, and CKD. 
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Kidney Stones 


Who gets kidney stones? 


Affects 1 - 3 % of adult population 

Life - time risk in adult males - 20% 

Recurrence after first stone: 

Year 1 10-15% 

Year 5 $0 - 60% 

Year 10 70-80% 

I 15-20 years 1 00% 


The prevalence of stone disease 
has nearly doubled over the past 
15 years, likely secondary to 
dietary and health trends. 

Among women, the prevalence increased 
by 75% since 1 994. 
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# Discharges 


Kidney stones 

Who gets Kidney stones? 
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Scales CD. et al J Urol 2007 





Kidney Stones 

Why the increase? 

Obesity 

Obesity and weight gain increase risk of kidney 
stone formation 

Obese male has a 33% greater risk compared 
to non-obese male 

Obese female has a 90% greater risk 
compared to non-obese female 

Taylor EN, et al. JAMA 2005 
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Workers at high risk of nephrolithiasis 


Professionals Authors Prevalence 


Soldiers 

Pierce LW et al 

35% 

Lifeguards 

Better OS, et al 

24% 

Marathon runners 

Milvy P, et al 

15% 

Machinists 

Borghi L, et al 

9% 

Teachers 

Nygaard 1, et al 

13% 

Taxi drivers 

Chang MA, et al 

Case report 

Surgeons 

Linder BJ, et al 

17% 

^^9 Ticinesi et al., 

Crit Rev Food Sci Nutr. 2015) 
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Types of Kidney Stones 

• Calcium oxalate = 26% 

• CaOx/CaP = 37% 

• Calcium phosphate = 7% 

• Struvite = 22% 

• Uric acid = 5-8% 

• Cystine = 2% 


} 70% 
J 30% 


Jurgen Floege, Richard J. Johnson, John Feehally. 2010 
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Chemistry: Cr, Ca, Co2, UA. 


Look at the urine color 



Urine analysis: SG, PH, Crystals. 
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Lithollnk Laboratory Reporting System™ 


Patient Results Report 


PATIENT DATE OF BIRTH GENDER PHYSICIAN 

M Mohamed, Amr 


Values larger, bolder and more towards red indicate increasing risk for kidney stone formation. See 
reverse for further details. 


Stone Risk Factors / Cystine Screening: Negative (01/06/2016) 



Dietary Factors 



Normalized Values 


DATE SAMPLE ID WEIGHT 


Cr 24 


Cr 24/Kg Ca 24/Kg Ca 24/Cr 24 


96.2 


2031 


21.1 


2.3 


110 


REFERENCE RANGE 


male 18-24 
female 1S20 


<4 


<140 






Uthollnk Laboratory Reporting System™ 

Patient Results Report 


PATIENT DATE OF BIRTH GENDER PHYSICIAN 

. ~ ~ ~ M Mohamed, Amr 


Values larger, bolder and more towards red indicate increasing risk for kidney stone formation. 


Summary Stone Risk Factors 


SAMPLE ID: S16149511 

PATIENT COLLECTION DATE: 01/02/2016 

anai m 

OCCREASEO WSK INCREASING RISK fOR STONE FORMATION 

Urine Volume <iitefs/da» 

• 2.00 

SSCaOx 

• 5.10 

Urine Calcium (mg/oay) 

• 224 

Urine Oxalate (m&N)ay) 

• 27 

Urine Citrate (mg/day) 

150 # 

SS CaP 

• 0.87 

24 Hour Urine pH 

• 5.978 

SS Uric Acid 

• 0.39 

Urine Uric Acid waay) 

• 0.373 



Interpretation Of Laboratory Results 


Urine calcium is borderline elevated. If stones are calcium and this is the only abnormality consider low salt 
diet, reduce protein intake, and/or thiazide diuretic depending on clinical judgment. 

Marked hypocitraturia. Consider treatment with potassium citrate 20 to 60 meq per day in 2 to 3 doses. If pH 
is above 6.3 monitor SS CaP, hypercalciuria may need to be treated to avoid CaP stones. Hypokalemia can 
cause hypocitraturia. 

Mild CaOx stone risk. If stones are calcium oxalate and actively forming, manage urine volume, calcium and 
oxalate to lower SS below 3. 



Litholink Laboratory Reporting System 


Patient Results Report 


PATIENT 

Patient, Sample 


DATE OF BIRTH 


PHYSICIAN 

Physician, Sample 


Values larger, bolder and more towards red indicate increasing risk for kidney stone formation. 

Summary Stone Risk Factors 


PATIENT COLLECTION DATE: 


Good 


ANALYTE 

<- DECREASED RISK 

INCREASING RISK FOR STONE FORMATION -» 


Urine Volume diters/day) 

• 2.13 



SS CaOx 

• 3.93 



Urine Calcium (mg/day) 

• 157 



[Urine Oxalate (mg/day) 

• 35 



Urine Citrate (mg/day) 

• 549 



SS CaP 

• 1.27 



24 Hour Urine pH 


• 6.485 


SS Uric Acid 

• 0.23 



Urine Uric Acid (g/day) 

• 0.644 





Bad 


Interpretation Of Laboratory Results 

Urine pH has risen and is elevated (average of last two was 5.887 and now is 6.485). Despite high urine pH, 
calcium phosphate stone risk is not elevated. The patient reports that alkali has been prescribed. This is the 
likely cause of the increased urine pH. High urine volume is protective and should be maintained. Hypercalciuria 
is absent which protects against high calcium phosphate stone risk despite high urine pH. 


UKHealthCare 





Litholink Laboratory Reporting System 


Patient Results Report 


PHYSICIAN 

Physician, Sample 


Values larger, bolder and more towards red indicate increasing risk for kidney stone formation. See 
reverse for further details. 

Stone Risk Factors / Cystine Screening: Negative (03/18/2001) 


DATE 

SAMPLE ID 

Vol 24 

SS CaOx 

Ca 24 

Ox 24 

Cit 24 

SS CaP 

pH 

SS UA 

UA 24 



2.13 

3.93 

157 

35 

549 

1.27 

6.485 

0.23 

0.644 



0.68 

13.42 

239 

22 

222 

5.47 

6.134 

1.17 

0.526 



1.01 

11.04 

258 

30 

281 

1.49 

5.640 

2.21 

0.611 


, . A male <250 .. male >450 . r _ _ _ . . .. male <0.800 

NORMAL RANGE 0.5 4L 6 ■ 10 female <200 20 40 female >550 0,5 2 58 62 01 female <0.750 


Dietary Factors 






DATE SAMPLE ID Na 24 K 24 

Mg 24 

P 24 

Nh4 24 Cl 24 

Sul 24 UUN 24 

PCR 



NORMAL RANGE 


185 

45 

132 

1.047 

32 

154 

39 

8.66 

0.8 

147 

22 

116 

0.799 

30 

125 

18 

7.28 

0.7 

223 

33 

133 

0.960 

29 

190 

37 

8.95 

0.9 

50- 150 

20 100 

30 • 120 

0.6 • 1.2 

15 60 

70- 250 

20 80 

6 17 

0.8 1.4 


Renal Function Normalized Values 


DATE sample ID weight ^Cr 24% Cr 24/Kg CCr Ca 24/Kg Ca 24/Cr 24 



NORMAL RANGE 


84.1 1 

1 1943 1 

1 23.1 

1.9 

81 

81.8 1 

1974 1 

| 24.1 

2.9 

121 

81.8 " 

W 1914 M 

23.4 

3.2 

135 


male 18 24 
female 15-20 


male >100 
female >90 
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IDIOPATHIC CALCIUM NEPHROLITHIASIS 


“Urine > 2.5 L 
= 70% * 
in stone 
recurrence” 
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Borghi et al., J Urol 1996 


841 


2.6 L 


GROUP 1 
(n-W) 


CROUP 2 
(n- 100) 


J.O L 


p-oooe 


FOLLOW-UP INTERVAL (yurt) 


2 3 4 5 


UKHealthCare 



6 


Hypercalciuria 

RR of Kidney Stones 


c n = 3350 

5 ■ 

4 1 Male = Female 

3 
2 
1 
0 

<100 150-199 200-249 250-299 300-349 >350 




Urinary Ca (mg/d) 


Curhan et al., Kl 2008 
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Dietary Calcium 

■ Normal (1 200 mg/d) 

■ Low (400 mg/d) 

600 1 U. Ca (mg/d) 



Month 

Nc. at Risk 

Low calcium 60 59 51 49 46 44 42 39 33 31 28 

Normal calcium, 60 57 53 47 46 45 44 43 41 40 40 

low protein, 
low salt 




Baseline 5th Year 
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Borghi et al., NEJM 2002 



rrimol/day 


Protein Intake & Nephrolithiasis 



Data from UpToDate™: Kok et al., J Clin Endocrinol Metab 1990 
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Rx: Idiopathic Hypercalciuria 

• Maintain urine volume > 2 liters/day 

• Thiazide diuretics 

• Potassium citrate 

• Sodium restriction (2 - 3 grams/day) 

• Protein restriction ( 0.8 - 1.0 g/kg/day) 
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Urine pH 


pH <5.5 (acidic) is usually associated with 
uric acid and cystine stones. 


pH >7 (alkaline) is usually associated with 
calcium phosphorus and struvite stones. 
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Hypocitraturia 


Occurs alone (10%) or with other 
abnormalities (50%). 

Females > Males. 

May be idiopathic or secondary. 

Acidosis reduces urinary citrate by t 
tubular reabsorption. 
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Citrate 


Citrate is the most powerful inhibitor of 
Calcium oxalate stone formation 
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Citrate in Soft Drinks 



Eisner et al., J Urol 2010 


High fructose intake increases risk of new stone by 35%. 



Taylor et al., Kl 2008 
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Hyperoxaluria 

• Normal people absorb < 5% of dietary 
oxalate. 

• Foods rich in oxalate (spinach, 
chocolate, beets, peanuts) can t 
absorption 25 - 50%. 

• Low calcium diets t urinary oxalate 
excretion. 
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Rx: Hyperoxaluria 


• Decrease dietary oxalate and fat 

• Oral Calcium supplements 

• Cholestyramine 

• Increase fluid intake 

• Oral citrate 
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Hyperuricosuria 


Urate crystals serve as a nidus for 
calcium oxalate nucleation. 

Uric Acid Stones 

Radiolucent 

Dissolve easily in Alkaline media 

H UKHealthCare 


Rx: Uric Acid Stones 


fluid intake, 
i purine diet, 

urinary alkalinization (pH 6.5 - 7.0), 
Allopurinol to reduce 24 h UA exc. 
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Beware of CaP stones! 

pH-dependent precipitate in high pH (>6.8) 
Must r/o underlying metabolic disorder 

• Hyperparathyroidism 

• Distal RTA (complete or incomplete ) 

• Infection 

Often bilateral and frequently recurring 

Can be a/w nephrocalcinosis 
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Struvite Stones 
Mg Ammonium P04 


More common in women than men 
Staghorn calculi 

Grow rapidly, may lead to severe 


pyelonephritis or urosepsis and renal failure 

EH UKHealthCare 


Struvite Stones 
Infection Stones 


Caused by 
organisms with 
urease ( Proteus, 
Klebsiella, 
Pseudomonas, 
and Serratia). 



Urea 


Ammonium 
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Struvite Stones 
Infection Stones 

• Rx: Remove existing stones 

• Prolonged antibiotics 

• Acetohydroxamic acid (urease 
inhibitor) - use limited because of side 
effects 

-They precipitate faster in alkaline urine 
El UKHealthCare 


Cystine Stones 

• Hereditary disorder: autosomal 
recessive. 

• Cystine is soluble in the urine to a 
level of only 240 - 480 mg/L. 

• In affected patients, the excretion 
is 480 - 3500 mg/day. 



UKHealthCare 


Cystine Stones 

Treatment 

• estimate urine volume to maintain solubility 
( 240 - 480 mg/I) 

• urine pH > 7.5 

• Restrict dietary sodium (60 meq/d) 

• Troponin or D-penicillamine bind cystine and 
reduce urine supersaturation. 
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How do you motivate your patient 
to increase water intake? 


Look at the urine color 



Have a thermos everywhere 

(Expensive one is better! Less likely to lose it!) 

Use your freezer and reuse the 

bottles (with a twist of lemon) 
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Medical Expulsive Therapy 

Tamsulosin 


A meta-analysis of 32 randomized trials 
(5864 participants) suggested that use 
of a-blockers increased stone passage 
by 48% compared with placebo & 
decreased time to stone passage. 



Campschroer et al 2014 
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Dietary Interventions 


Fluid Intake 


- • ■ 
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Your Guide to 
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Your Guide to 
Purines. Urine pH 
and Citrate 
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Uthvllnk 
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When I grow up ] hope 1 can 
experience the agonizing pain of a 

kidney stone ... said no one, ever. 



UiOTT EN6CA RDS 





